Extracts from the leaves of Acanthopanax trifoliatus, harvested at different seasons, were quantitatively analyzed for phenolic contents using high performance liquid chromatographic (HPLC) methods. Samples collected in winter contained high amounts of the major active components, mono and di-caffeoylquinic acid derivatives and flavonoid glycosides. It was found that January and November were the preferred periods for collecting plant material containing high amounts of caffeoyl quinic acid and flavonoid constituents.
Acanthopanax trifoliatus (L.) Merr. (Araliaceae), a shrub commonly distributed in eastern and southeastern Asia [1, 2] , has been cultivated in the northern part of Thailand as a vegetable and medicinal plant for centuries. In addition to the leaves being used as a tonic to improve general weakness, the leaves and young shoots are also used for the treatment of tuberculosis, lung hemorrhages, bruises, ulcers and contusion [1, [3] [4] [5] . The stem bark is used as an anti-flatulence agent and for treatment of emaciation and neurosis. Antioxidant and antiinflammatory activities of extracts of A. trifoliatus and quantitative analysis of total phenolic and flavonoid contents have been previously reported, and it was suggested that young leaves provided the most active sample. The main phenolic compounds, studied by TLC/HPLC, were caffeoylquinic acid derivatives and flavonoid glycosides [6, 7] . The information on total phenolics and antioxidant activities of plant extracts and their individual phenolic compounds could be used to determine if the extracts possessed therapeutic potential [8, 9] . Chemical standardization of plant extracts need to be more thoroughly scrutinized before further studies can be made in animal models or clinical trials undertaken. The major variables in plant geography are area, annual rain fall, ground water, types of soil, pH of soil, temperature, altitude, wind, light and local insecticides. These factors, especially rain fall and temperature, could affect the biosynthesis of caffeoylquinic acid and flavonoid in A. trifoliatus. Although this species is widely cultivated in the north of the country, there has been no report concerning the seasonal variation in chemical constituents, especially phenolics and flavonoids in this plant so far.
Therefore, the aim of this study was to analyze quantitatively the main phenolic compounds in extracts of A. trifoliatus collected at different seasons.
In this study, quantitative analysis of the marker compositions was conducted using 11 leaf samples harvested in Chiang Mai province, the main source for A. trifoliatus leaves in Thailand. The samples were collected at different time intervals within a year. Using decoction, the most suitable extraction method for active A. trifoliatus leaf extracts was as previously reported [6] . The HPLC method used simultaneously analyzed the caffeoyl quinic acids and flavonoid glycosides in the leaves. The results obtained are shown in Table 1 . It was found that the amounts of phenolic compounds varied with the growing season. The amounts of monocaffeoylquinic acid, dicaffeoylquinic acids and flavonoid glycosides were significantly higher in YD1, YD2 and YD10 (0.79 -0.90% CAE, 0.98 -1.36% CYE and 1.77 -2.49% RE, respectively), the leaves of which were harvested in January, March and November, respectively. The average temperature and rainfall of these three samples ranged from 24.2 to 27.8°C and 9.4 to 34.1 mm, respectively. Therefore, harvesting of A. trifoliatus leaves during winter or in cooler conditions was recommended. However, the sample collected in December showed only a low amount of phenols and flavonoids. This result could arise from the lowest temperature (21.6°C) and rainfall (7.1 mm) during this period [10] . analysis of ten different concentrations, each injected in triplicate. A linear correlation from 1.25 to 125.00 g/mL was obtained for chlorogenic acid and cynarin; the detector response to rutin was linear within the range of 1.25 to 100.00 g/mL ( Table 2 ). The linearity was also confirmed for sample solutions. A serial dilution of sample solution concentrations from 2.5 to 7.5 mg/mL was prepared. These solutions were assayed, and the peak areas obtained were compared with sample concentration by linear regression. The R 2 values for all three compounds were ≥ 0.9990, confirming the linearity of the method. Peak purity was investigated using DAD and MS data of all peaks of interest. Except for peak 3, which arose from two known flavonoid glycosides, there was no indication of co-elution or impurities.
The precision of the method was evaluated by analyzing six independently prepared solutions of two different extracts (YD1 and YD10). The concentration of active components, calculated as chlorogenic acid, cynarin and rutin, were determined and the relative standard deviation percent (% RSD) of peak area was calculated. The % RSD were 0.85% and 1.45% for YD1 and YD10, respectively, for chlorogenic acid, 1.78% and 0.77% for YD1 and YD10, respectively, for cynarin, and 1.38% and 1.32% for YD1 and YD10, respectively, for rutin. The method can therefore be regarded as precise.
The accuracy of the method was confirmed by determining the recovery. The recovery of active components from the extract was performed on samples spiked with three concentrations of each compound in the range of 15 to 30 g/mL. The recoveries at all three concentrations were close to theoretical amounts (differences were less than ± 4.0%). The method can, therefore, be regarded as accurate.
The HPLC method was successfully utilized for quantitative analysis of monocaffeoylquinic acid (chlorogenic acid), dicaffeoylquinic acids (3,5-di-Ocaffeoylquinic acid and 4,5-di-O-caffeoylquinic acid), and flavonoid glycosides (rutin with isoquercetin and quercitrin) in extracts from the leaves of A. trifoliatus collected at different times. In most extracts, the highest levels were observed for flavonoid glycosides (calculated as rutin), the amount ranging from 0.22 to 2.49%. For mono and dicaffeoylquinic acids, the amounts found Table 2 : Calibration data for chlorogenic acid, cynarin and rutin, including regression equations, correlation coefficients (R 2 ), and the limit of detection (LOD). varied from 0.25 to 0.90 and 0.10 to 1.36% (calculated as chlorogenic acid and cynarin, respectively). YD1 and YD10 contained significantly higher amounts of all groups of phenolic compounds (Table 1 ). Compounds in plant tissues responsible for antioxidant capacity can be largely attributed to the phenolics and flavonoids [11] . It has also been established that several phenolics and flavonoids, including chlorogenic acid, rutin, isoquercetin and quercitrin, exhibited antiradical and lipid peroxidation potentials [12] and iron-binding capacity [13] . Moreover, in plant extracts, antioxidants are present as mixtures and, therefore, there is a possibility of synergistic interactions of antioxidants and between mechanisms of such interactions [14] .
In conclusion, standardization of A. trifoliatus leaf extracts for phenolic chemical markers responsible for their antioxidative activity has been achieved; this will be useful for the future clinical evaluation of antioxidative-related disorders. Quantitative HPLC analysis provided specific information for identifying the chromatographic characteristics of different phytochemicals.
Winter, especially in November and January, should be the recommended and preferable period for harvesting A. trifoliatus leaves that contain the highest amounts of phenolic and flavonoid compounds. 
Experimental

Plant materials and extraction: Eleven leaf samples of
Analysis of phenolics and flavonoid contents by HPLC:
Based on the method of Abad-Garcia and Häusler [15, 16] , analysis of phenolics was performed with an Empower equipped with a diode-array detector (DAD), vacuum degasser and column heater (Waters, USA). An X-terra C 18 column (150 mm x 5.9 mm, 5 m particle size) from Waters (Waters, USA) was used for quantitative analysis. Gradient elution was performed with water-0.5% acetic acid (solvent A) and methanol (solvent B) at a constant flow rate of 800 L/min. The composition was changed from 100A to 65A:35B in 90 min. Column temperature was 30°C with an injection volume of 50 L; UV detection was performed at 310 nm.
Statistical analysis:
All data are reported as means ± standard deviation of triplicates. Least significant difference was used to compare means (p  0.05). Correlation coefficients (R) to determine the relationship between two variables were calculated using Pearson's R test. All analyses were performed using SPSS for Windows, version 16.0 (SPSS Inc., USA).
